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High -Speed Rotary Machines * 

THE constructors of motors are continually endeavor
ing to increase the rotational velocity of the principal 
shaft. This increase in velo�ity diminishes bulk and 
weight and often simplifies transmission. In steam 
engines it also diminishes condensation and its attendant 
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Leblanc's Researches and Inventions 

By L. Lecornu 

and must pass, as nearly as possible, through the center 
of gravity. 

The Swedish engineer De Laval, recently deceased, 
who invented the action turbine, was long baflled by 
the impossibility of satisfying these conditions exactly. 

Fig. 1.-Leblanc bearing for high-speed turbines. 
0, shaft of turbine; R,R,R., springs; S,S,S", tension screws; B,B,B", guide blocks; U, screw operating movable block; H, oil-cup. 

evils. In piston engines, unfortunately, increase in 
speed augments the effect of the inertia of reciprocating 
parts and hence makes equilibration more difficult. 
This disadvantage is much less serious in rotary engines 
where the force of inertia is practically a centrifugal 
force of constant magnitude. This is one reason for the 
success of rotary motors in aviation. 

In this respect steam turbines are greatly superior to 
engines with fixed cylinders. Reaction turbines, which 
employ partially expanded steam and rotate with com
parative slowness, are easily balanced, and need not be 
considered here. Action turbines, which employ steam 
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Fig. 2. Fig. a. 

Figs. 2 and a.-Deformation of shaft with and 

without fixed bearings. 

expanded to atmospheric pressure, rotate very swiftly, 
for they operate most economically when their blades 
move about half as rapidly as the jet of steam. Now, 
steam from a boiler at 10 atmospheres pressure attains 
a speed of 1 kilometer per second at the mouth of the 
twyers. Hence the blades must travel 500 meters per 
second, so that a turbine of 20 centimeters (8 inches) 
radius must make 400 revolutions per second. In 
such conditions each pound mass at the periphery 
experiences a centrifugal force of 63 tons weight. 
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Fig. 4. Fig. 5. 
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Figs. 4 and 5.-Diagrams illustrating the theory 

of the Leblanc stabilizer. 

To resist such forces the turbine tnust be made of 
very strong material in accordance with correct structural 
principles. and its axis must be a natural axis of rotation 
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He increased the size of his shafts, but they continued 
to break until he conceived the idea of making them 
flexible. A turbine with· a flexible shaft behaves very 
much like a top. Its axis, though it possesses the 
dynamic stability due to its great velocity, is subject 
to small oscillations which do no harm unless they are 
checked, when they may produce disastrous effects. 
In short, the shaft bends, instead of breaking, like the 
reed in the fable. 

These small oscillations, however, may ultimately alter 
the structure of the metal. It is better, therefore, to 
employ a rigid shaft, mounted in elastic and easily 
renewed bearings. This has been done by M. Maurice 
Leblanc, whose remarkable researches we propose to 

Fig. 6.-Mercury channel of Leblanc stabilizer. 

describe. The Leblanc bearing (Fig. 1) is supported by 
three radially arranged spiral springs R1R2R. provided 
with screws SlS2S" by which their tension can be regu
lated and the bearing can be accurately centered. In
creasing the tension of the springs diminishes their 
natural period of vibration T, which should be made 
shorter than the time of rotation T' of the shaft, in 
order to eliminate the possibility of impressing on the 
shaft impulses synchronous with its small oscillations 
due to imperfect centering, for such rhythmical impulses 
might greatly increase the oscillation. 

But the springs, though strongly stretched, must be 
very flexible, for the following reason: When one end 
of a spring is fixed and the other end is attached to a 
heavy movable mass M, the period or" vibration Til of 
the spring thus loaded (which is very different from the 
natural period T of the unlocke d spring) is proportional 
to the Iqua.re root of the quotient obtained by dividini

· 

the mAlI M by the coeftlclent of elasticity of the "PriDe, 
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In the present case the mass M is represented by the 
rotating turbine and shaft. By employing very flexible 
springs the period of vibration Til can be made greater 
than the time of rotation. T' of the turbine. Every 
possibility of dangerous synchronism is removed, there
fore, by making the time of rotation T' much longer 
than the period T of the unloaded spring, and yet much 
shorter than the period Til of the loaded spring. 

In starting, however, the speed of rotation increases 
gradually from zero to its normal working value, so 
that at one instant T' is equal to T. The production of 
violent oscillations at this moment is prevented by the 
guide blocks B1B �3 (Fig. 1) which surround the bearing. 
In the normal running of the turbine these blocks are 
separated from the bearing by intervals of 1/12 to VB inch, 
which suffice for the action of the springs, but before 
starting (and also before stopping) the machine, the 
movable block B. is lowered by means of the screw 
U, forcing the bearing down on the fixed hlocks B1B 2 

and holding it motionless until the critical speed has 
been passed, when the screw is loosened. The screw 
and blades might be operated automatically by a speed 
indicator attached to the shaft, as M. Leblanc suggests. 

The periods T and Til are not the only periods of 
vibration that must differ from the time of rotation '1". 
The rotor of the turbine, like other solid bodies, is sus
ceptible of various vibrations whose periods depend 
on its size, form and structure. The coincidence of any 
of these periods with the time of rotation might produce 
disastrous results. Regarded from this point of view 
the Leblanc system presents a marked advantage. 
When the ends of the rotor turn in fixed bearings the 
axis of figure may be bent by centrifugal force into a 
curve lying entirely on one side of the axis of rotation 
(Fig. 2). The suppression of rigid supports shifts this 
curve so that its middle part is on one side and its ends 
are on the other side of the axis of rotation (Fig. 4). 

I t is  not sufficient to give the axis of the rotor a certain 
degree of freedom. It is necessary, also, to balance the 
mass around its axis as accurately as possiOle in order to 
minimize heating of the bearings and wear of the springs. 
It is impossible to construct a perfectly balanced rotor, 
but Leblanc has devised an automatic stabilizer which 
automatically corrects small structural defects of this 
sort. In order to explain the principle of the stabilizer 
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Fig. 7.-Transverse and axial sections of simple 

Leblanc stabilizer. 00', axis; K, merr-ury chan

nel; bb, radial partitions; cd, apertures in parti

tions; Hg, mercury. 

let us consider a disk of any form D (Fig. 4) rotating in 
its own plane about a point very near its center of gravity 
G, and let us suppose that a leaden ball is free to move 
in a channel which forms a circle around a point 0 of the 
disk. Centrifugal force will drive the ball to the point 

Fig. S.-Axial section of multiple Leblanc stabil

izer. 00', axis; K,K2K., mercury channels. 

B, as distant as possible from the center of rotation G. 
In this position the mass of the ball will displace the 
center ot gravity of the system to a point G', between 
G and B, thus inOl'eaaUla the distNloe of the ceuter· of 
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gravity from the axis of rotation and aggravating the 
defect of equilibrium. 

If the disk, however, has no fixed point, it will rotate 
about the common center of gravity G', and the cen
trifugal force will tend to drive the ball as far as possible 
from that point. Now, for any position B (Fig. 5) of the 
ball the common center of gravity G' lies on the line G B, 
which joins the centers of gravity of the disk and the 
ball, and the distance G' B between the ball and the 

f " G 
M 

common center 0 graVIty IS equal to B X ---

M + m 

where M denotes the mass of the disk and m denotes 
the mass of the ball Hence G' B will attain its maxi
mum value simultaneously with G B; i. e., when the 
ball is at BI, on the prolongation of G O. In these con
ditions the common center of gravity is at G'I at a distance 

m m 
from G equal to G BI X ---. Hence, unless --- is too 

M+m M+m 

large, the effect of the ball is to bring the center of gravity 
of the system nearer to the point 0, or nearer to the axis 
of figure if the point 0 is taken on that axis. 

Instead of a leaden ball Lablanc employs mercury, 
partially filling a channel which forms a circle around the 
axis of the rotor (Fig. 6) . The movements of the mer
cury are checked and controlled by radial partitions b 
(Fig. 7), having at their outer edges perforations c for 
the passage of the mercury, and at their inner edges 
perforations d for the passage of the air or the viscous 
liquid which fills the remainder of the channel Usually 
each stabilizer is composed of a number of concentric 
channels KIK2Ka (Fig. 8 ). 

By attaching one of these stabilizers to each end of 

German War Aeroplanes 
AMERICANS pay but little attention to the develop

monts in aerial navigation made by Germany, par
ticularly in the construction of military flying machines. 
Commenting on the Germa.n air craft works (Deutsche 
Flllgzeug Werke) the London Daily Telegraph remarks: 

"Of the strength of the German aviation establishment 
there is no longer any question; judging from reliable 
reports, it is now even greatly superior to that of France. 
In one center only-that of Doeberitz-there are actually 
200 war machines ready for instant mobilization and 
prepared in every respect to take the air at once. But 
it is the type of machine and its qualities that are of 
interest, for these in a measure reflect the policy of the 
German aerial force, and they may be studied with 
advantage. 

"In the first place; it is evident that speed in this 
case only forms a secondary consideration. Reliability 
and endurance are the principal results aimed at. With 
few exceptions German and Austrian aeroplanes have 
their wings swept back; in other words, seen in plan view, 
they present the shape of a wedge, with the point forward 
in the direction of flight. This characteristic feature 
has earned them the title of 'Arrow' biplanes and 'dove' 
monoplanes. Further, the wing-tips are usually up
tilted, a feature which in conjunction with the wedge 
shape produces some degree of automatic stability while 
leaving full control to the pilot. In this respect the 
arrangement differs from that of the Dunne, where 
stability is inherent, and the pilot can exercise but little 
control. The intention is simply to relieve the pilot 
from the continuous strain imposed upon him in long 
cross-country flights. That it is successful in this 
respect has been proved time and again during the past 
few months by the remarkable long-distance flights 
made by various German pilots, of which the wonderful 
performance of Stoeffier, who covered 1,290 miles in 
twenty-four hours, may serve as an example. Save for 
the maneuvers of steering, the pilot of such an aeroplane 
has little need to bother about controlling his machine, 
with the result, first, that the physical and mental strain 
to which he is subjected, and only those who have flown 
continuously for several hours at a stretch can realize 
the intensity of this, is practically eliminated, and, sec
ondly, that he is thereby free to devote himself to other 
duties, such as that of observation. 

"Let us take the D.F.W., which embodies both the 
virtues and the faults of the average German type, as 
an example. The writer recently had an opportunity 
of testing its behavior in flight. Although the afternoon 
was calm, it was nevertheless possible to gain a good 
notion of the remarkable stability of the machine. Since 
it was provided with dual control, one could follow the 
controlling movements of the pilot accurately. Apart 
from the use of the elevator for rising and descending, 
and a slight movement of the rudder in turning, no 
control was ever exercised, and, according to Roempler, 
the pilot, the ailerons are scarcely ever operated even 
in gusty winds. These ailerons form the up-tilted wing
tips, for they are placed at a negative angle and .cannot 
be depressed beyond the horizontal; The system is one 
which in severaJ respeots, a.part aJtogether from the 

the rotor shaft the natural axis of rotation can be kept 
so near the axis of figure that the movements of the latter 
are imperceptible. Hence the clearance between the 
rotor and the stator may be made very small This is 
of little importance in action turbines, for the jets of 
steam, being nearly at atmospheric pressure, have little 
tendency to escape even when the clearance is large, 
but it is very advantageous in some other rapidly rotat
ing machines. 

The employment of high velocities has enabled M. 
Leblanc t o  construct rotary compressors o f  great power 
and small size. In orde' to eliminate the deforming 
effects of centrifugal force the blades of these compressors 
are plane and are placed radially. At first the blades 
were made of ramie fiber saturated and varnished with 
acetate of cellulose and were finished automatically by 
the friction of their ends against the stator. Subse
quently the inventor, having succeeded in obtaining 
metal of sufficient strength, adopted metal blades less 
than 1/25 inch thick at the heel attached to the axis 
and diminishing in thickness toward the periphery. 
The great centrifugal force developed gives these very 
thin blades ample rigidity. 

The application of the Leblanc system'to dynamos has 
not yet been worked out practically. The inventor sug
gests the employment of a rotor with collectors and having 
only two poles in order not to multiply the variations of 
flux uselessly; winding of the Gramme type in which 
the connecting wires are supported by the sheet iron 
ring; conductors of tinned aluminium. The principal 
difficulty is to obtain sheet iron in which mechanical 
strength and high electrical resistance are associated 
with very small hysteresis. Tempered steel cannot be 
used because the magnetic alternations would soon 

question of stability, is to be preferred to the ordinary 
ailerons in general use. 

"Like the majodty of German machines, the D.F.W. 
is unduly heavy, for it weighs no less than 1,500 pounds 
empty. But this great weight is compensated by its 
structural strength. The fusElage and the chassis are 
made of heavy steel tubing; in more recent models the 
wing spars and struts are also of steel, the only wooden 
parts being the wing ribs. The very first glance reveals 
the exceptional strength of the whole structure. The 
German designers, following the opinion of military 
authorities, in fact, sacrifice speed and quick climbing 
power. to reliability, arguing that a slow machine capable 
of withstanding heavy landings, and therefore of remain
ing in continuous use, is preferable to a fast machine 
which is almost certain to be destroyed in the first rough 
landing. Here we find what may be described as the 
French and German schools in direct opposition. The 
aeroplane designer in France designs his machine for the 
crack pilot; the German designer produces an aeroplane 
possessing flying qualities which may be inferior to those 
of the former, but which is nevertheless a machine which 
can be flown safely and effectively by the average and 
even the mediocre pilot. On the whole, the latter method 
appears to be the sounder so far as military machines 
are concerned, for first-class pilots are few and far 
between. 

"But the D.F.W. possesses other qualities which are 
highly valuable from a military point of view. The 
pilot is seated exceptionally far back in the fuselage; 
the observer's seat is about the trailing edge of the 
planes, so that he has a clear view vertically downward. 
In this respect this aeroplane is far and away superior 
to any British biplane of the tractor type. If the speed 
is comparatively low-with full load it scarcely exceeds 
sixty miles an hour-and if the rate of climbing is not 
particularly fast, the weight-carrying capabilities of this 
aeroplane are remarkable. It is equipped, as a standard 
fitting, with a fifty-gallon tank, sufficient for twelve 
hours' fuel. This, together with pilot and passeuger, 
represents a useful load of some 800 pounds. According 
to the German regulations, a military aeroplane before 
acceptance must undergo an hour's flight with seven 
hours' fuel, pilot and passenger, and leave the ground 
and stop again after alighting within seventy yards. 
These conditions are arduous enough, and it is evident 
that if all the present German military aeroplanes fulfill 
these conditions, the German army possesses a very 
powerful weapon in its aviation corps. 

"But, all said and done, this aeroplane and the majority 
of other German machines owe the greater part of their 
efficiency to their wonderful motors. The 100 horse
power Mercedes with which D.F.W. is fitted is probably 
the nearest approach to the perfect stationary aero
plane engine that is possible to-day. It is a six-cylinder 
engine of the ordinary type familiar in motor-car prac
tice, with which it is identical except for the great saving 
in weight. At its maximum speed of 1,400 revolutions 
a minute it develops 114 horse-power, and, including the 
radiator, weighs no more than 375 pounds. Even more 
remarkable is its low fuel consumption. It requires 
practioally ijO oil-the quantity contained in the sump 
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destroy temper and lower its limit of elasticity. The 
best results have been obtained with a steel containing 
1.87 per cent of silicon, having an elastic limit of 47 kilo
grammes per square millimeter, and breaking under a load 
of 69 kilogrammes, with an elongation of 25 per cent. 

The rapidly running dynamo would present the ad
vantage that it could be coupled directly to an action 
turbine, and its small size would make it very valuable 
in some situations, especially on shipboard. 

The adoption of the Leblanc system may ultimately 
produce the greatly desired internal combustion turbine , 
using gas or petroleum oils as fuel Here, however, 
formidable difficulties are encountered. According to 
M. Leblanc such a turbine, to be efficient, should have 
a tangential velocity of 800 meters per second, and no 
known material can withstand the effects of so rapid 
a rotation. Probably it would be necessary to employ 
a metal which is really homogeneous, and not, like 
known steels, composed of particles of iron cemented 
together. Leblanc suggests that steel might be made 
homogeneous by fusion in the electric arc under high 
pressure. 

The dynamical functions of flexible and flexibly 
suspended axes are exceedingly complex, but Leblanc 
has elaborated an ingenious mathematical theory of 
their action, and has also constructed practically sa tis
factory suspensions and stabilizers. Hence the speed of 
a rotor is limited only by the strength of its material. 
We now possess nickef steels and chrome steels, which 
have an elastic limit of more than 160 kilogrammes, 
and can safely sustain a working load of 40 kilogrammes 
per square millimeter. A properly designed rotor made 
of such materials can be run at a tangential velocity of 
460 meters (1,509 feet) per second. 

suffices for a flight of average duration, and only con
sumes three pints of gasoline an hour. Among the other 
advantages of the upright stationary engine is the fact 
that it can be throttled down to very low speeds. The 
engine under consideration is also provided with a solf
starter, a small dynamo worked by the pilot, which 
enables it to be started at any time from the pilot's seat, 
Perhaps the most noteworthy feature of this engine is its 
reliability, wherein it closely approaches the ordinary 
motor-car engine. It approximates, in fact, to standard 
practice throughout." 

A New Soap Material 
SETTLERS in western Kansas are cutting and marketing 

soap weed, or Spanish bayonet, to supply the demands 
of soap manufacturers, according to a report recently 
received from officers of the Kansas national forest. 
There are various plants in the southwest locally known 
as soap weed, called amole by the Mexicans, but the 
one gathered by the Kansas farmers, technically known 
as Yucca bacata, a species with exceptionally large 
fruits, is most used. The soap manufacturers, however, 
utilize the tops or the roots. Manufacturers are paying 
$8 a ton for the plant at the railway stations, while the 
estimated cost of cutting, drying, baling and hauling 
ranges from $5 to $6, depending upon the distance to 
the railroad. Since a man can ordinarily get out a ton 
a day, the gathering of the soap weed affords an oppor
tunity to secure a fair day's wages at a time when other 
ranch activities are not pressing. After cutting, the 
soap weed is allowed to dry from 60 to 90 days and then 
is' baled up in the ordinary broom-corn baling machine. 

For a long time this weed has been made into a soapy 
decoction which the Indian and Mexican women have 
used, particularly for washing their hair, for which pur
pose it is considered especially suited, since it contains 
no alkali. Present-day soap manufacturers use it for 
toilet and wool soaps. Its qualities have been known 
for a long time, but the harvesting of soap weed is just 
now becoming commercially important. 

The industry is now operating on lands adjacent to 
the Kansas national forest, and it is expected that the 
demand will soon spread to that forest, some portions 
of which bear an abundant supply of the plant. There 
is a plentiful :Supply of it throughout southern Colorado, 
Arizona, New Mexico and Texas. 

Forest officers have considered this weed a nuisance, 
since it is the nature of the plant to spread over extensive 
areas and kill off other vegetation. It is particularly a 
pest on stock ranges. In line with its policy of range 
improvement, the Government is anxious to rid the forage 
areas of all such injurious plants, and it is the hope of the 
forest officers that the commercial demand for soap weed 
will soon reach such proportions that it will not only 
take an otherwise useles's product, but also will eradicato 
it from areas which could be utilized to better advantage 
for the supplying of forage to cattle and sheep. 

CANADA has 23,000,000 acres in timber reserves, as 
compared witli 187,000,000 acres iIi- the ll!lJtiOll�l fOl'e5t� 
of the U�ted_Stll;tes, 
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